benefits of Electronic Medical Records System (EMRS) could help achieve better health care in the developing world. 3 They can reduce medical errors, facilitate health worker decision making, enable faster report creation and improve disease monitoring. [4] [5] [6] [7] However, there are also many barriers to EMRS in these settings, including low levels of computer literacy, lack of infrastructure and resistance from health professionals. 1, 8, 9 It would be difficult to justify investment of scarce resources in an EMRS until there is a more substantial body of evidence of their effectiveness. 4 This study sought to evaluate the introduction of a purpose-designed EMRS at an NGO-supported health post in rural Nepal and to describe its initial impact on the quality and efficiency of patient care.
MEtHODs
This original case report is an evaluation of the PHASE Worldwide EMRS that was carried out one month after its introduction. PHASE Worldwide is a non-governmental organisation that supports and provides primary health care to eleven rural Village District Communities in Nepal. 10 Each health post has a PHASE health worker, trained to the level of auxiliary nurse midwife. They provide outpatient and maternal health care services at sub-health posts and outreach clinics. Hagam was chosen as the pilot site due to its accessibility that allowed for easier external support and reliability of electricity supply. It is located in the Sindhupalchowk district of central Nepal. Fulpingkot was chosen as the control comparison site for pragmatic reasons due to its proximity to Hagam; it uses only paper records.
In 2010, PHASE designed an EMRS to overcome some of the problems with the existing paper-based recording system. These included an excessive amount of time taken to complete monthly reports and a lack of complete patient records that affected the ability to deliver continuity of care. PHASE piloted the use of EMIS®, a provider of EMRS software in primary health care in the UK. 12 However, it proved too complex for the health workers. 13 Subsequently, a bespoke EMRS was developed through a collaboration of PHASE health workers, UK doctors with past experience working for PHASE in Nepal, and computer sciences students at the University of Sheffield. An initial pilot was undertaken in 2010 following which some software revisions were made. The revised EMRS was introduced to the Hagam health post in December 2011. Staffs were provided with one day of training with the software.
The PHASE EMRS is a stand-alone system designed with a web interface. It consists of four key functions: patient registration, consultation records, a disease, drug and immunisation (D.D.I.) database and report creation. Once registered, each patient has a unique record of their demographic details and consultations. Decision-support tools include examination templates, immunisation alerts and allergy reminders, as well as links to PHASE's clinical guidelines and drug formulary. Consultations are recorded by the health worker at the point of care. Diagnoses and prescriptions are selected from lists of ICD-coded diseases and PHASE-specific drugs, with links to disease and drug information held on the database. The drug prescribed is automatically subtracted from the stock levels, which can also be edited manually. Monthly reports on clinic activities, morbidity and stock can be quickly generated and exported.
The evaluation used a mixed methods approach to gain a broader understanding of the success of implementation. Semi-structured interviews were conducted with the health workers at each site and participant observation was carried out during two clinic sessions in Fulpingkot and three in Hagam.
The fieldwork was carried out by a non-Nepali research student, independent and external to PHASE to help minimize potential observer bias. Face-to-face interviews were conducted in English with the two PHASE health workers in Hagam and Fulpingkot. Both health workers were female, aged 20-29 and trained as Auxiliary Nurse Midwives, typical of most PHASE health workers. Quantitative data was also collected at both sites on the length of consultations as well as the duration of time spent on paperwork and on the computer during consultations.
The data from the interviews and observation were descriptively summed up and analysed by identifying the key strengths and weaknesses of EMRS and highlighting common topics and concerns expressed by the health workers. The quantitative data were compared using two-tailed unpaired Student's t-test to identify any significant differences in the length of consultations and the time spent interacting with patients.
The health workers gave written informed consent to participate. Ethical approval was not required as this was an evaluation of an existing service.
rEsULts
The main benefit of the PHASE EMRS was faster completion of monthly reports, taking only a few minutes compared to 5-6 days previously. The staff also thought stock keeping would be less time consuming using the computer system, as the paper system took 2-3 hours after every clinic session. After one month, the Hagam health worker was observed to be able to accurately register patients, record consultations and create reports. Despite poor computer literacy, the health worker found the computer system relatively easy to learn, particularly as the reports were similar in format to the paper-based ones.
A number of technical issues were identified with the software, including how diseases were counted in the morbidity reports, an inability to edit consultations retrospectively and the lack of an 'other' diagnosis category. A few software functions were also not used at all, such as the "patient allergies" field or "immunisations", although the latter is currently the responsibility of state services. In addition, the health workers did not know how to export the reports into Excel or save them and there was no back-up system for the data held on the computer. The electricity supply in Hagam was relatively reliable during the study period but in Fulpingkot, it was erratic and unpredictable, with several power cuts observed. However, electricity was available for a sufficient amount of time to keep the laptop charged. There was also a lack of clarity as to how the monthly reports would be collected, as there are no printing or internet facilities in the villages and therefore no means of transmitting the information electronically. The health worker felt she would need more on-going support as problems arose.
There were problems integrating the EMRS with the paper reports required for government monitoring and with differentiating between patients seen by PHASE health workers and those from the government. As a result, the health worker was completing both paper and computer records. During the observation period the clinics saw few patients and all paper and computer records were completed during the clinics. However during busy clinics the health worker only used paper during the consultation, completing the computer record after the clinic. Paper morbidity reports had to include both all patients, whereas the reports generated on EMRS were limited to PHASE patients only.
The Hagam health worker thought EMRS enabled her to provide better patient care as she could assess responses to treatments, look for drug side effects and monitor changes in measurements such as blood pressure. In addition, the computer record contained more information about consultations than the paper registers. During the period of observation, seven out of the 29 patients (24%) had an existing record on the computer. However it was observed that the staff rarely accessed previous consultations.
The health workers found the pre-programmed examination templates useful, particularly for antenatal care and paediatric visits, as they helped in the recording of patients' measurements. The health worker routinely used the template during consultations but they did not always complete all the data-entry fields. The inclusion of built-in questions also helped trigger health interventions; for example, one template had a question about immunisation status, which prompted staff to advise patients to attend a government immunisation clinic if necessary.
Although it was considered by staff to be much easier and quicker to look up the pre-programmed disease and drug information with the EMRS, during observation, the health worker rarely used this function. This was because they tended to see common ailments that did not require it. They did use the drug information to find paediatric drug doses.
The mean length of each consultation with EMRS in Hagam was 11.7 minutes. This was slightly longer than without EMRS in Fulpingkot (M=11.0mins) but the difference was not statistically significant (P=0.509, 95% CI -1.46 to 2.91) (Figure 1 
DIscUssION
The introduction of the PHASE EMRS had some immediate and observable benefits. It saved time in report creation, consultation recording and stock keeping. The immediate availability of a complete patient record through EMRS may improve health worker decision making by allowing them to track responses to treatments and increasing continuity of care. 1,2 Of note, prior to EMRS there were no individual patient records. Although follow-up patients returning to a clinic were encouraged to bring their original outpatient tickets, many did not do this. EMRS can also reduce record duplication, allow faster and more accurate report generation and enable better data analysis.
5,13
The quality and safety of care is also likely to improve with staff making greater use of features such as the drug information database to guide care.
Despite having these functionalities available, we found staff rarely referred to past patient records. This could be due to unfamiliarity with the system and current practice working without them. Whilst the availability of patients' records can improve continuity of care, a culture change in work practices is therefore needed to ensure that the staffs take full advantage of the range of functionalities offered. There was also a need for more support, an adequate back-up system and reliable electricity source. Further, work is also needed to resolve interface issues between national health information collection requirements and organizational needs.
The use of EMRS in developing countries is still in its infancy. In Nepal, some NGOs have started introducing such systems. The Child Welfare Scheme Nepal uses a custom-built EMRS at its Asha Healthcare clinic in Pokhara, although this is limited to a single urban centre (Andrew Clarke 2012, oral communication, 25 January).
Studies of EMRS implementation in developing countries
have found the lack of infrastructure and computer literacy to be significant barriers to implementation.
7,14
Failure is often due to poor design, lack of support after implementation and over-reliance on external resources. [1] [2] [3] 9 However, this study found that an EMRS can function well in a remote, resource-poor setting by tailoring the design to the intended context. 7, 13 Poor computer literacy need not preclude health workers from utilising an EMRS. PHASE designed a userfriendly interface and based the EMRS on the format of existing paper records, which has been shown to make computer systems easier to learn. 4, 13 There was no evidence that EMRS distracts the attention of health workers away from patients, as suggested elsewhere. 13 The increase in consultation length was small and nonsignificant and data entry is likely to become faster as staff become more familiar with the system. It is debatable whether EMRS is a priority in resourceconstrained countries struggling to provide universal health services. 13 That said, the opportunities and benefits presented by this technology are considerable. Improving the continuity of care is key to the management of chronic non-communicable diseases and an electronic medical record greatly facilitates this.
14 Furthermore, an EMRS could be particularly useful in remote settings where there is insufficient space and staff to support paper-based records. By saving considerable time in report creation, EMRS could increase efficiency and make better use of human resources. 6 However, duplication of paper recording must be avoided and consideration given to how an EMRS is integrated with other existing health information systems. The aspiration ultimately is to develop and implement simple robust systems that necessitate minimal resource requirements and on-going technical support.
We considered the possibility of the "Hawthorne effect" with staff altering their behaviour in the presence of an observer. However, it was not possible to eliminate this. We also considered language barriers as a potential issue but found the health workers had sufficient spoken English to communicate effectively. The small sample and lack of randomisation in site selection may limit the generalizability of the results due to inherent variations between health posts and staff. However, the setting for this evaluation was significantly remote and rural, where implementation challenges are likely to be greater than elsewhere. We believe the evaluation demonstrates that the implementation of EMRS is feasible. Initial findings suggest improvements in care are likely but longer-term follow-up is needed to evaluate the long-term impact of EMRS on outcomes such as immunisation coverage and adverse drug reactions.
cONcLUsION
Electronic medical record systems can be implemented even in challenging settings and could provide a relatively low-cost means of improving patient care and reducing the workload of health workers. Challenges such as the lack of infrastructure and low computer literacy can be overcome if systems are well-designed and tailor-made to fit their intended environment.
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